Purpose To study the effect of orbital tumors on visual functions and highlight the factors predictive of visual outcome after surgery. Methods A prospective interventional study compared visual function parameters and fundus changes, before and after surgery, in eyes having well-defined orbital tumors with the normal fellow eye. These included visual acuity (VA), refractive error, keratometry changes, color vision, Goldmann visual field (GVF), and visual evoked response (VER). Results In total 28 cases (age range 7-56 years), of which the majority of tumors were vascular (46%) and lacrimal (18%) in origin, had a mean VA of 0.54±0.33 in the affected eye, which improved postoperatively to 0.66 ± 0.31 (P ¼ 0.002). The affected eye had a median refractive error of þ 0.00 DS (À2.00 to 5.13), which was significantly more hyperopic than the normal eye (median þ 0.00 DS; range À1.25 to þ 1.63 DS) and normalized postoperatively. Keratometry showed higher astigmatism in the involved eye (P ¼ 0.004). The fundus showed disc pallor, edema, and/or choroidal folds, of which disc edema resolved in all cases after surgery. In all, 40% of the affected eyes had a deficient color vision and this partially improved postoperatively (P ¼ 0.25). GVF had abnormalities in 10 cases, half of which normalized postoperatively (P ¼ 0.04). The VER of affected eyes had a mean amplitude of 8.91 ± 4.59 lv and latency of 116.3 ± 14.7 ms, with improvement after surgery (P ¼ 0.005 and 0.001, respectively). Conclusion Orbital tumors adversely affected visual functions. The presenting acuity depended on disc changes, color vision abnormalities, and prolonged VER latency. The postoperative VA depended on VA at presentation, amount of proptosis, degree of hyperopia, and clinically significant VER abnormalities.
Introduction
Orbital tumors account for about 11-36% of all the benign and malignant neoplasias of the eye and adnexa in India. 1, 2 Owing to their varied ocular impact and post-surgical course, it is often difficult to give the patient a definitive visual prognosis. There have been a few sporadic studies involving small numbers addressing visual acuity (VA), refractive error, fundus, or visual-field changes in specific orbital tumors, but the literature lacks a comprehensive larger study of all the visualfunction parameters and their interrelations. [3] [4] [5] [6] [7] This study aims to evaluate the effect of an orbital tumor on the visual-function parameters, with emphasis on the factors predictive of visual outcome after surgery.
Materials and methods
A prospective interventional study was conducted at a tertiary-care eye hospital after approval from the ethics committee. All patients admitted for surgery with a well-defined unilateral orbital tumor within a 2-year period commencing June 2008 were included. Exclusion criteria included those patients with best-corrected VA in either eye worse than 20/200, those aged below 5 years, patients who were uncooperative or unwilling for evaluation or follow-up, and those who had another associated ocular disease affecting visual-function parameters in either eye. All patients underwent a complete ocular and systemic evaluation, including a cycloplegic refraction with post mydriatic testing and a subjective acceptance (to define the best-corrected VA), Hertel's exophthalmometry, color vision testing using Ishihara charts, manual keratometry (Baush and Lomb keratometer; Bausch and Lomb, Rochester, NY, USA), Goldmann visual field (GVF) testing, and a pattern visual evoked response (VER) test (Nicolet Ganzfeld stimulator, Nicolet Inc., Madison, WI, USA). Appropriate imaging was done to determine the type, extent, and location of tumor mass. Surgical removal of the orbital tumor was done. The refraction and investigations were repeated at the 2-week, 1-month, and 3-month follow-up visits. The data was analyzed in two sets, one comparing the visual-function parameters in the eye with orbital tumor vis-a-vis the fellow eye, while the other compared the pre-and postoperative visual parameters in the involved eye. Associations between the visual function and clinical parameters were also examined.
Refractive error was compared as the spherical equivalent for analysis. In keratometry, the difference between the two meridian readings was analyzed as corneal astigmatism. On the Ishihara plates, a difference of four plates between the two eyes was defined as color deficiency. A difference of at least 101 between two visual fields was the criterion for defining expansion, constriction, or improvement of the GVFs. In the pattern VER, the amplitude of the waveform and p100 latency were compared. A difference of 42.5 mv and 10 ms in amplitude and latency, respectively, was considered to be clinically significant for analysis. 8 Analysis was done using SPSS version 11.5 (SPSS Inc., Chicago, IL, USA) and Stata 8.0 (StataCorp LP, College Station, TX, USA) using appropriate parametric and non-parametric tests.
Statement of ethics
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Results
During the study period, 72 patients had presented with orbital tumors, of which 28 met the study criteria. Those who did not qualify included 19 patients with VA worse than 20/200, 18 patients with other confounding factors, 2 patients with age o5 years or uncooperative, 2 patients who did not undergo surgery, 2 patients who were lost to follow-up, and 1 patient who did not consent to repeated investigations. The clinical profile and tumor diagnosis are depicted in Table 1 . Proptosis was noted in 93% of the cases. Tumors were equally divided between the intraconal and extraconal locations.
The mean VA in the eye with orbital tumor was significantly worse than that in the normal fellow eye ( Table 2 ). In all, 60% (17/28) of the affected eyes had a Snellen VA of 20/40 or better, in contrast to 97% (27/28) of the fellow eyes (Po0.001, w 2 -test). The acuity improved significantly after surgery, and finally at 3 months follow-up about 80% (22/28) of the cases had a VA of 20/40 or better in the operated eye (P ¼ 0.02, w 2 -test). A total of 15 patients who had a VA of 20/30 or better improved or maintained their acuity, while 6 cases with preoperative VA worse than 20/120 did not show any improvement after surgery. Seven cases showed a transient decline in vision immediately after surgery, six of which improved on subsequent follow-up visits. The preoperative VA showed a significant correlation with a prolonged VER latency (r ¼ À0.48, P ¼ 0.01). The final postoperative VA showed correlation with the amount of proptosis at presentation (r ¼ À0.562, P ¼ 0.002) and degree of hyperopia induced (r ¼ À0.534, P ¼ 0.004). It also strongly correlated with the VA at presentation (r ¼ 0.87, Po0.001). Both the acuity at presentation and the final acuity were significantly worse in those patients who also had color vision impairment. (P ¼ 0.01 and 0.001 respectively, t-test). The mean pre-or postoperative VA was not affected by the location of the tumor.
On cycloplegic refraction, it was noted that the spherical equivalent of the refractive error in eyes with orbital tumor was skewed towards hyperopia (median of þ 0.00 DS; range -2.00 to þ 5.13 DS), whereas the normal eyes were significantly less hyperopic (median þ 0.00 DS; range -1.25 to þ 1.63 DS) in comparison (P ¼ 0.036, Wilcoxon's signed rank test). After surgery, this hyperopia significantly decreased to a median value of À0.25 DS (range À1.25 DS to 4.38 DS) (P ¼ 0.002, Wilcoxon's signed rank test), which showed an insignificant difference compared with the normal eye (P ¼ 0.627, Wilcoxon's signed rank test) ( Table 2 ). The degree of hyperopia was significantly correlated with the amount of proptosis (r ¼ 0.604, P ¼ 0.001, Spearman's correlation coefficient). Intraconal tumors showed more hyperopia than extraconal tumors, with a median of þ 0.75 DS (range À0.75 to þ 5.13 DS) against þ 0.00 DS (range À2.00 to þ 3.25 DS), though this difference was not statistically significant (P ¼ 0.061, Mann-Whitney U-test) ( Table 3 ). The trend in change of refractive error showed a significant change within 2 weeks of surgery and most of the change occurred by the 1-month follow-up visit (Table 3) . Table 2) . This difference was significantly more in the extraconal (median 1.50 D; Table 4 . Those patients with optic disc changes at presentation had a significantly worse mean pre-and postoperative VA (P ¼ 0.02, t-test; P ¼ 0.01, t-test, respectively). Eyes with tumor having an abnormal fundus were significantly more hyperopic ( þ 0.75 DS; À1.00 to 5.13 DS) in comparison with eyes with a normal fundus (À0.19 DS; À2.00 to þ 0.00 DS) (P ¼ 0.008, Mann-Whitney U-test). A similar association exists in the postoperative period. Fundus changes were not found to be associated with the amount of proptosis, duration of illness, or keratometry changes.
GVFs were significantly abnormal in 10 cases with respect to the fellow eye and five eyes showed improvement by 3 months after surgery (P ¼ 0.048, w 2 -test). The notable field changes included an expansion of the temporal or nasal quadrant, constriction of the field, or centrocaecal scotomas (Table 4) . Alterations in the visual field were found to have a significant association with fundus changes (P ¼ 0.01, McNemar), but were not related to the amount of proptosis, duration of illness, color vision abnormalities, or VER changes.
A defective color vision was present in 40% (11/28) of the cases, with no significant improvement after surgery (P ¼ 0.25, McNemar). Color vision deficit was associated with fundus changes (Po0.01, McNemar) and the amount of proptosis (Po0.01, Mann-Whitney U-test). Color vision changes were not significantly related to change in VA, duration of illness, or VER changes.
A pattern VER showed a decrease in mean amplitude and a significantly delayed latency preoperatively, both of which significantly improved 3 months after surgery (Table 2) . For further analysis, a change 42.5 mv and 10 ms in amplitude and latency, respectively, was considered to be clinically significant (for inter-and intraocular analysis). 8 On the basis of these criteria, 10 (35.7%) and 9 (32.1%) eyes showed a preoperative abnormality in VER amplitude and latency, respectively. One (3.6%) eye showed a clinically significant improvement in amplitude, while latency improved in 3 (10.7%) eyes after surgery, such that at the final follow-up visit amplitude was abnormal in 7 (25%) and latency prolonged in 5 (17.4%) eyes. VER latency showed a clinically significant improvement after surgery (P ¼ 0.04, Wilcoxon's signed rank test), whereas the amplitude did not (P ¼ 0.08, Wilcoxon's signed rank test). There were significant associations between VER amplitude abnormalities with presenting VA (Mann-Whitney U-test, P ¼ 0.008) and duration of illness (Mann-Whitney U-test, P ¼ 0.04), but not with location of tumor or fundus changes. The VER latency at presentation did not show a significant association with preoperative VA, but was related to changes in the fundus (Fisher's exact test, P ¼ 0.01). After surgery, final VA showed a significant association with persistent postoperative VER amplitude abnormalities, but not with VER latency changes (P ¼ 0.22, Mann-Whitney U-test). The amount of proptosis, color vision, and visual field changes did not hold significant associations with VER changes.
Discussion
The demographic profile of our cases is similar to that reported in the literature. 2, 5, 9 The frequency and distribution of tumor diagnosis and their association with age is in accordance with past studies that too have demonstrated a relatively higher frequency of vascular and lacrimal gland tumors among operable orbital neoplasms. 3, 5, [9] [10] [11] [12] [13] Proptosis is the commonest presentation reported in orbital tumors, and in our series the mean proptosis is quite similar to previous data. 3, 14, 15 In effect, our series is a universally representative sample of orbital tumors.
VA is significantly affected in eyes with orbital tumors. 4, 5 The presenting acuity, as noted in our series, is dependent on the optic nerve compromise by its association with VER and color vision deficits. It is found to be unrelated to the duration of illness or amount of Eye proptosis. In our study, the trend of change of VA after surgery supports current literature. 3, 5 We too noted a transient or permanent postoperative decline in VA. 16, 17 It is evident from the above studies that those cases that involved a large posterior tumor or excessive surgical manipulation of the optic nerve were the ones more likely to suffer a permanent deterioration in VA. The case that showed a permanent decline of acuity in our series was a large meningioma with a 10-mm axial proptosis and a presenting VA of 20/30. We noted that in a majority of cases a transient decline in VA maximally improved during a 3-month follow up. Further, patients with a presenting acuity of 20/120 or worse did not improve significantly after surgery, unlike those with a mild decline in vision. We ascribe this to the fact that those with a good preoperative VA had tumors, which were unlikely to impinge on the optic nerve or orbital apex. The approach for surgery (either anterior or lateral orbitotomy) did not affect the VA outcome.
We illustrated a significant difference between the refractive error of the proptosed eye and the fellow eye, with the tumor eye showing more hyperopia and a significant postoperative improvement. In contrast to our findings, Friberg et al. 3 found that extraconal tumors actually caused a myopic shift in refraction that decreased after surgery, which they attributed to the compression of the globe from the side and consequential elongation. Intraconal lesions showed a sudden and larger change in refractive error after surgery than extraconal tumors and, we believe, this is a direct result of the loss of posterior pole indentation. The maximal refractive error change took place within the first month after surgery.
The astigmatism induced by orbital tumors has only been studied in capillary hemangiomas in children. 4, 18 The corneal curvature changes observed in our cases are secondary to either the pressure effect of the tumor or effect of the lid and prolonged exposure due to proptosis. In a study it was found that despite the removal of a long-standing cavernous hemangioma there was a persistent flattening of the posterior pole, which was attributed to scleral remodeling. 19 It is possible that a similar mechanism may have a role in the corneal tissue. Also in support are studies that found no difference in the pre-and postoperative keratometry after orbital decompression for thyroid eye disease. 20, 21 The amount of astigmatism induced is dependent on the location of the tumor, but not on the amount of proptosis or duration of illness.
The most common fundus findings described are choroidal folds, disc pallor, disc edema, and vascular tortuousity. 5, 7, 22 The presenting VA is significantly affected by the presence of disc changes on fundus whereas choroidal folds did not hamper it. The postoperative visual outcome also followed suit. In our group of patients, we found a significant relation between the presence of fundus changes and the refractive error of the patient. Hyperopia in the pre-and postoperative period in proptosed eyes with fundus changes may be explained by the presence of a larger tumor, which is more likely to indent the globe. In our study, there is only partial reversal of choroidal folds after surgery and scleral remodeling may elucidate this. 19 Color vision changes are known to precede VA changes in disc edema. Color vision in our study was found to be significantly associated with fundus changes and a poorer presenting VA. An orbital space-occupying lesion causes a compression effect on the optic nerve, even if not directly impinging on the nerve, resulting in a neuropathy presenting with poor VA, color vision deficits, and disc changes. The non-reversibility of color vision observed points toward a permanent neuronal damage, and hence a color vision deficit at presentation is a marker for poorer prognosis. Current literature lacks substantial prospective data on color vision changes in orbital tumors.
The commonest change on GVF testing was an expansion of the field as a consequence of the eye being proptosed beyond the confines of the orbital rim. A constriction of field noted in some eyes could be due to either a mechanical ptosis or a non-axial proptosis. Central or centrocaecal scotomas marked optic nerve involvement. Visual fields had been previously studied in orbital tumors using automated perimetry by Wei et al 6 in 22 patients with field alterations varying from arcuate to inferior altitudinal, centrocaecal scotomas to temporal hemianopsia or a diffuse defect. The unique finding of an expanded visual field has not been reported in the study as it used standard automated perimetry protocols. Postoperatively, there was a loss of the panoramic field though it did not possess a functional significance.
Our study demonstrated significant VER changes. VER has been shown to mirror optic nerve compromise in orbital tumors. 7, 23 The relief of orbital compression after surgery caused an improvement in both amplitude and latency, resulting in the improvement of linked parameters, namely fundus changes and VA. VER amplitude abnormalities did not show a clinically significant reversal after surgery; therefore, any clinically relevant change noted preoperatively was predictive of a poorer visual outcome and prognosis. VER latency changes demonstrated a moderately strong correlation with presenting VA, but failed to show a similar correlation in the postoperative period, thereby rendering it as a weak predictor of final visual outcome.
This study involves a heterogeneous group of orbital tumors. To analyze visual function changes and prognostic factors for specific tumors would be inappropriate because of the small individual numbers involved. The paper discusses the effect that an orbital space-occupying lesion would cause on visual parameters and visual outcome. Though not noted in our cases, postoperative chemotherapy and radiotherapy may have a confounding effect during longer follow-up.
To conclude, we found significant affliction of various visual function parameters due to orbital tumors. These parameters are an interrelated web and changes in one of these got reflected onto another factor. Changes observed in color vision, keratometry, and VER amplitude did not show a significant improvement after surgery. The visual outcome depends on the preoperative VA, amount of proptosis at presentation, degree of hyperopia induced, and presence of clinically significant VER changes. The presenting VA in turn depends on the presence of color vision abnormalities, disc changes on ophthalmoscopy, and a prolonged VER latency.
We recommend a comprehensive preoperative evaluation, including keratometry, color vision testing, visual fields, and a VER to help prognosticate the visual outcome. A longer follow-up study needs to be undertaken to ascertain definitely the behavior and reversibility of visual function changes.
